I. INTRODUCTION
POSITRONS have been used to study solids in various ways for more than 30 years. As the antimatter equivalent of the electron, the positron turns out to be an extremely sensitive probe of both structural and electronic properties of the solid lattice. In addition, the intensities typically required for most useful experiments are sufficiently low so that probe-induced radiation damage is negligibly small. The benefits of this high sensitivity are, in part, contrasted by the fact that the positron-solid interaction is often too complicated to describe completely, and many of the experiments done necessarily result in only semiquantitative conclusions or interpretation. Nevertheless, the past three decades have seen tremendous advances in positron/solid-state research, not only in the development of new techniques and applications, but also in the understanding of some of the fundamental aspects of positron-solid interactions.
In the present paper, we will briefly discuss the most common experimental techniques and review some of their applications to studies of materials (with particular emphasis on metals). One of the more distinguished areas of positron research is the study of defects, primarily because there are few other nondestructive techniques that can compete with the sensitivity and selectivity of positrons. We will, therefore, emphasize this work in the following discussion. We will also separate the text roughly into two halves. The first part will feature a general discussion of positron interactions with solids and the so-called "bulk" techniques which have evolved to study these. The second part of the text will focus on the relatively new technique of producing monoenergetic positron beams and a few examples of studies similar to those described in the first part. More detailed descrip- 
II. BULK MATERIAL STUDIES WITH POSITRONS
The traditional experiment with positrons uses a relatively weak positron emitting radioisotope (e.g., tens of/xCi of 22Na) located near the sample to be studied. Positrons are emitted from the source with the usual/3 energy distribution that is continuous from zero up to the endpoint energy (which is -546 keV for 22Na).
[5] This range of energies makes these truly bulk measurements. Positrons that enter the sample quickly thermalize (t < 10 -it s) at depths that are large (i.e., tens of/xm) tr] compared with the mean diffusion length (of order 0.1 ~m). tT] Freely diffusing positrons have a mean lifetime before annihilation with an electron that is on the order of 10 -~~ s in solids, which means that for most experiments, there is rarely more than one positron in the sample at any given time. Annihilation of positrons before they reach near-thermal energies was discussed by Heitler. Is] This accounts for, at most, a few percent of the total, so the positron lifetime and the center-of-mass (CM) momentum of the annihilating pair are determined primarily by the electron distribution which the thermalized positron wave function samples.
The free-positron wave function is represented by a Bloch function with a deBroglie wavelength given by
If there is an open-volume defect in a metal lattice, the positron wave function can condense into the potential minimum with high efficiency (vacancy trapping rates -1015 s -~ in metals). The dramatic change in the wave function from a freely diffusing to a vacancy-localized state was calculated by Puska and Nieminen [9] and is illustrated in Figure 1 . In the defect, the positron overlaps with an electron distribution that is of lower density, which increases its lifetime as much as 45 pct, and is of lower average momentum (due to less overlap with core electrons). These changes are easily observed using one of the three most common techniques illustrated in Figure 2 and described below. Angular correlation of annihilation radiation (ACAR; Figure 2 (a)) is based on the fact that the two annihilation ~/rays deviate from collinearity because of the finite CM momentum discussed above. The momentum distribution is measured in one dimension using long-slit detectors or in two dimensions using position-sensitive detectors. The spread in momentum also results in a Doppler shift (Figure 2(b) ) of the 511-keV y ray which is measured using a solid-state detector and can be parametrized by the normalized area of a central portion of the peak called the "S parameter" (defmed in Figure 3 ). The width of the annihilation line can also be (more or less equivalently) parametrized using the "W parameter," which is the normalized area in two symmetrically spaced regions located in the wings of the peak. The 
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